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e Missouri farmers produce between 200 and 250 mil-
lion dollars worth of hogs each year. This represents 
from 26 to 33 percent of the total yearly income from 
livestock and livestock products in this state. 
As a pork producer are you getting your share of 
this huge income from hogs ? Are you using the best 
methods of production possible? Are you producing the 
"meat type" hog? If your answer to any of these ques-
tions is no, you can profit by using the breeding plans 
outlined in this bulletin. 
The efficiency of pork production has increased 
greatly in the last ten years. This is due to the applica-
tion of new findings in breeding, feeding, management, 
and disease control. The application of improved breed-
ing methods is receiving more attention of late. 
Improvements through breeding can be made by 
both purebred and commercial swine producers. Breeders 
of purebreds can make improvements by selecting the 
best and mating the best to the best. Such progress may 
be slow but can be very important over a period of five 
to ten years. Crossbreeding is used by the commercial 
pork producer to take advantage of hybrid vigor or 
"heterosis." 
Hybrid vigor refers to the improved average per-
formance of the offspring over the average of their par-
ents. Some traits in swine show hybrid vigor, others do 
not. Improvements because of hybrid vigor come rapidly 
and add to those made through selection within the pure 
breeds used for crossbreeding. The upper limit of im-
provement from crossbreeding is soon reached, however. 
It then becomes a matter of trying to maintain this ad-
vantage in later generations. 
Proper breeding methods can increase the annual in-
come from swine in Missouri by millions of dollars. A 
product more suitable to the consumer can also be pro-
duced through breeding. It is the purpose here to out-
line some basic genetic principles and to recommend 
breeding practices for more efficient swine production. 
Cover Photo: Courtesy of Cowdena Farms, Trimble, Mo. 
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Some Genetic 
Principles 
Most of us are familiar with the term "inheritance." 
We all understand that this means the ability of parents 
to transmit their own characteristics to their offspring. 
We also understand that each individual receives one-
half of its inheritance from its father and one-half from 
its mother. We do not understand so clearly the methods 
whereby each parent is able to transmit this inheritance 
to its offspring. An explanation of these methods is now 
in order and to help clarify certain principles involved in 
the breeding and improvement of swine. 
The bodies of animals are made up of billions of 
building blocks called cells. Any one of these is so small 
that it can be seen only with the aid of the microscope. 
Each cell consists of cytoplasm and a nucleus (Figure 1). 
The cytoplasm may take many shapes and forms but the 
nuclei of all cells are very similar. 
The nucleus is the portion of the cell involved in 
inheritance. Within the nucleus are small thread-like 
structures called chromosomes. The chromosomes are 
made up of many chemical compounds called genes. The 
genes are the particles of inheritance that are transmitted 
from parents to their offspring. The chromosome may be 
pictured as a long string of beads, with each bead rep-
resenting a single gene. Each chromosome may carry 
hundreds or even thousands of genes. 
Chromosomes occur in the body cells in pairs. The 
chromosomes of each pair are alike in size and shape 
(sort of twins) and are called homologous chromosomes. 
Homo means equal or alike and logous means proportion. 
A further characteristic of homologous chromosomes is 
that one of each pair came from the father and the other 
from the mother. Only one of each chromosome pair is 
passed from an individual to any one of its offspring. 
Which one this is depends upon chance alone. 
Since the genes are carried on the chromosomes, 
they also occur in pairs in the body cells. Only one of 
each pair finds its way into a spermatozoa or an ovum. 
To illustrate how parents transmit genes they possess to 
their offspring, let us use the mule-footed condition in 
hogs as an example. We will let (F) represent the gene 
for the mule-footed condition since it is dominant and 
(f) the gene for normal or split hoof. Dominance means 
that one gene overshadows or covers up the expression 
of another gene (recessive) located on the same portion 
of the homologous (twin) chromosome. If we were to 
cross a pure mule-footed boar with a normal-footed sow 
the results would be as illustrated in Figure 2. 
We can see by this example that all of the offspring 
of such a mating will have mule feet, even though they 
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also carry one gene for normal feet . Although the pigs 
all show the mule-footed condition as their sire, they are 
not the same as he is, genetically. They will not breed 
true; that is, they will not always produce mule-footed 
offspring. The sire was of genotype FF and was pure or 
homozygous, while his offspring are of genotype Ff and 
are heterozygous. Genotype means the actual genetic make-
up of an individual. Homo means alike or equal but hetero 
means unequal. Zygous means to join. So an individual 
possessing two like genes joined together by the union 
of the spermatozoa and the ovum at the time of fertiliza-
tion is homozygous. One possessing two unlike genes 
is heterozygous. 
Now, let us illustrate what happens when we mate 
two individuals which are mule footed but are heterozyg-
ous (Ff). This is illustrated in Figure 3. When two 
heterozygous individuals are mated, they produce off-
spring in the ratio of three mule-footed to one normal- ' 
footed. Of the mule-footed offspring, however, one is 
homozygous, or pure for the condition, and two are 
heterozygous. All three of these have the same phenotype, 
meaning they look alike and can't be told apart from 
their outward appearance. These heterozygous (F/) in-
dividuals will not breed true. To determine the genotype 
of the mule-footed individuals they can be mated with 
those that have normal feet. If five offspring are pro-
duced from such a mating and none of them have nor-
mal feet, the genotype of that mule-footed parent is 
probably FF. If any one of the offspring has normal feet, 
the genotype of the mule-footed parent has to be Ff 
The foregoing illustration involving a single pair 
of genes does not explain the inheritance of most of the 
important traits in swine because the mode of inheritance 
is much more complex than this. It does show, however, 
how the genes are transmitted from the parents to their 
offspring in the spermatozoa and the ovum. It also shows 
how they recombine, by the law of chance, in all possible 
combinations in their offspring. The only requirement 
F= GENE FOR MULE FEET 
f= GENE FOR NORMAL FEET 
ALL MULE-FOOTED OFFSPRING 
Fig. 3-Diagram showing the kind of offspring produced by mating pure mule-footed boar with a pure normal-footed sow. 
F= GENE FOR MULE FEET 
f= GENE FOR NORMAL FEET 
MULE-FOOTED MULE-FOOTED MULE-FOOTED NORMAL -FOOTED 
Fig. 4-Diagram showing the kind of offspring produced by mating an impure (heterozygous) boar with an impure (heterozygous) sow. 
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for genes to segregate and recombine in this way when 
many different pairs of genes are involved is that the 
different pairs be carried on different pairs of homologous 
chromosomes. The way genes express themselves in dif-
ferent combinations can be quite different, however. 
Complex Inheritance 
Many pairs of genes affect the important economic 
traits in swine. Among such traits are litter size, rate and 
economy of gains, and carcass quality. Though many 
gene pairs are involved, each pair on the homologous 
pairs of chromosomes of the male and each pair on the 
female chromosome pairs divides and recombines as in 
the previous examples. 
Genes may express themselves in several ways. But, 
in general, just two kinds of inheritance are involved. 
One kind is where the number of desirable genes an in-
dividual possesses determines his superiority. In this case 
some genes contribute something to the superiority of an 
individual but others do not. We call those that result 
in superiority contributing or plus genes. Those that do 
not contribute something toward superiority are called 
neutral genes. 
Plus genes each add something to the superiority of 
a trait, but each effect is separate and all effects add up. 
This additive effect is similar ro that which we would 
get from adding small pellets of a red dye to a gallon of 
clear water. One pellet added to the water would make it 
light red, two would make it a little darker red until 
finally several pellets would make the water very dark 
red. Thus, one plus or desirable gene would make the 
animal grow faster than if he possessed only neutral 
genes. Two plus genes would make him grow a little 
faster whereas a dozen plus genes would make him grow 
exceedingly fast if the right environment were supplied. 
Obviously, then, the animals which grow the fastest 
are those which have the most plus genes for fast growth. 
Therefore, we must find animals possessing the superior 
genes and then must mate them to produce superior off-
spring. Breeding for improvement through this kind of 
inheritance simply means that we find the best and mate 
the best to the best. 
In the second kind of inheritance it is not so much 
the number of plus genes the individual possesses that 
determines his superiority. It is how the many genes act 
in different combinations that is important. This kind of 
inheritance is responsible for the nicking effect so often 
mentioned by animal breeders. This refers to a favorable 
combination of the genes of two parents in such a way 
that their offspring are superior to either parent. It is the 
principle used in the production of hybrid seed corn, and 
is responsible for the occurrence of hybrid vigor. 
Figures 5 and 6 illustrate the two different types of 
inheritance. The first kind shown in Figure 5 is where 
the average of the offspring equafs the average of the 
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Litter size at weaning seems to be inherited in this way. 
ed 2 
parents. Th is shows no h yb ri d vigor and fo r improve-
ment we need ro use parents w hi ch are as superi o r as 
poss ibl e. T he second kind of inheritance is show n in 
Figure 6. T he average ot rhe o ff spring is superior ro the 
average of th e parents. T hi s increase over the pa renta l 
average is ca lled hybrid 11igor or heterosis. It is dependent up-
on the "nicking" abi lit y of rhe parents. Even though 
h ybrid vigor is shown, the over-a ll perfo rmance of the 
crossb red offspring depe nd s upo n bot h rh e average of 
the parents and the degree of hybrid vigor expressed for 
each trait. 
The influence of th ese two kinds of inherita nce on 
the economic traits in sw ine will be di scussed more fu lly 
in another sectio n of this bulletin. 
Traits of Economic Importance 
Many traits in swine He g ive n attent io n in a se lec-
ti o n program. But rh e more traits yo u select f'o r the less 
progress yo u make in se le tion for any o ne t rai r. 
I f it is necessary to li mit rhe numb<:r of tra irs se-
lected for, w hi ch sh o uld be used' The answer is t hose 
w hi ch determ ine the do ll ars in profir re turn ed to you 
afte r t he hogs are so ld. 1 hese w ill be discussed in the 
fo llow ing seer io n . 
Litter Weight at Weaning 
This is nne of the most important traits b ca use large 
lir ters of hea lth y pigs must be reared to wea ning before 
they ca n be fed to market wcighrs. Lit ter weig ht at wea n-
ing is a re fl ect io n of the ferti lity of the sow, her mother-
ing and milking ability, and the v igor and growi ng abili ty 
of the p igs. It also reflects the general over-a ll hea lth of 
th e indi v idu als in volved. 
You can measure li tter weight at weaning by weig h-
in g each of the pigs at a d e finit e age or nea r that age 
and tOtal ing the we ig hr of a ll pi gs. A simpl e rype of 
ba throom scale will serve fo r thi s purpose. The age ar 
wea nin g sho u ld be the sa m e for a ll li tters in the herd. 
Until recently, the age at wea nin g most often used was 
56 days. Now rh a t exce ll e nt starte r and pre-starter ra-
ti o ns have been develo pe I, man y farmers a re weaning 
pigs at ages va rying from th ree to five weeks . Weighi ng 
at six to eig ht weeks is reco mme nded a t prese nt when 
yo u are we ig hing for th e purpose of selecting breeding 
stock. 
If you are busy and ca n ' t find rime to weig h all lit-
te rs when th ey reac h 56 day s o f age, yo u ca n use ad-
justment factors in Table 1. 
Example 
If we weigh a litter at 60 days of age and it 
weighs 300 pounds, thi s can be multiplied by the 
factor of .9006 to ad just to a 56 day basis. T he ad-
justed weight would be 300 times .9006 or 270 
pounds. 
Fig. 7-Large litters of healthy pigs at weaning ore essential for proflt. 
TABLE 1 
CORRECTION FACTORS FOR ADJUSTING LITTER WE IGHTS 
TO A 56-DAY BAS IS 
Age When Weighed Multipl y Tota l Litter We ight by This Factor to Ad just to 56 Days 
50 1.1801 
51 1. 1471 
52 1.1154 
53 1.0849 
54 1.0555 
55 1.0272 
56 1.0000 
57 .9738 
58 .9485 
59 .9241 
60 .9006 
61 .8779 
62 .8560 
63 .8359 
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Litter weight at weaning is about 17 percent herit-
able, as shown in Table 2. This means that genetic im-
provement would be very slow by selection within a pure 
breed and by mating the best to the best. The low herit-
ability for this trait also means that about 83 percent of 
the variations in this trait are due to environment, such 
as feeding, management and disease. Attention to these 
factors are necessary to improve this trait. In spite of the 
low heritability of this trait, replacement stock should 
still be selected in so far as possible from the heaviest 
litters. 
TABLE 2 
AVERAGE VALUES FOR THE HERITABILITY ESTIMATES FOR 
TRAITS IN SWINE* 
Items of conformation: 
Length of body 
Length of legs 
Number of vertebrae 
Nipple number 
Scores for conformation 
Performance characters: 
Number of pigs farrowed 
Number of pigs weaned 
Weight of I itter at weaning 
Weight of pig at five months 
Growth rate from weaning tci 200 lbs. 
Economy of gains weaning to 200 lbs. 
Items of carcasses: 
,Length 
Loin eye area 
Backfat thickness 
Belly thickness 
Percent of ham 
Percent of fat cuts 
Percent of shoulder 
Percent of lean cuts 
Average 
61 
64 
74 
60 
26 
15 
19 
17 
21 
30 
38 
61 
48 
46 
61 
58 
60 
47 
34 
*These are averages for many studies made in different parts of 
the world. 
Litter weight at weaning may be improved con-
siderably by crossbreeding. This is shown in Table 9. 
Averages of many trials show that a three-breed rotation 
cross gives a 51 percent improvement in litter weight at 
weaning over the pure breeds used in the cross. The im-
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provement through crossbreeding results from a greater 
survival rate and increased vigor of the crossbred pigs 
and the superior fertility and mothering ability of the 
crossbred sows. The figures presented in this Table are 
averages, which means that in some crosses the improve-
ments are greater and in other less than this average 
figure . 
Improvement in litter weight at weaning from cross-
breeding is probably greatest when the environmental 
conditions are not so good. This would be because the 
crossbred pigs are more capable of withstanding adverse 
conditions than are the purebreds. 
Rate and Efficiency of Gains 
Rate of gain per day may be measured in two dif-
ferent ways. One is to weigh the pigs when they reach an 
age of near 154 days. The weight can be adjusted to a 
154-day basis by using the following formula when 
weights aren't taken on the exact day : 
Adjusted weight = (Actual weight + 154) (199) _ 154 
Actual age + 45 
The 154-day weight is actually an accumulation of gains 
from the time of conception. 
It may be desirable in some instances to have figures 
on the rate of gain from weaning to 154 days. This can 
be calculated by subtracting the 56 day weight of each 
pig from its 154 day weight and dividing this by 98. Or, 
you may prefer to measure rate of gain from weaning to 
a market weight of near 200 pounds; this may be done 
by dividing the total gain after weaning by the actual 
number of days fed. 
Rate of gain is medium to low in heritability. Some 
progress can be made in selecting to improve this trait. 
Crossbreeding improves growth rate to a certain extent 
as shown in Table 9, but most of the improvement comes 
from the two-breed cross. 
The measurement of efficiency of gain for each individ-
ual pig is more difficult than the measurement of rate of 
gain. It requires individual feeding which is expensive. 
It also requires additional equipment. Measurement of 
the efficiency of gain on an individual basis is probably 
justified only for a few of the most promising herd boar 
prospects. If figures on individual efficiency of gain can-
not be obtained, the next best thing is to obtain records 
for each litter or for about four pigs from each litter. 
Efficiency of gain is about 30 to 40 percent heritable, 
indicating that some progress may be made in selection 
to improve this trait. Inbreeding and crossbreeding affect 
feed efficiency very little. It is probable that if feed wast-
age could be prevented entirely and feed records made 
more accurate, this trait might be much more highly 
heritable than indicated. If true, selection for this trait 
under ideal conditions should result in much improve-
ment. 
Fig. 8-Weigh each pig at weaning. A simple bathroom scale w ill do 
if a large r, stock sca les like this isn't available . 
F~st ga ins in pi gs arc also e ffi cient ga ins. Selccri on 
for one should improve the orher. Rate o( ga in is eas ily 
meas ured by taking beginn ing anJ ending we ig hts of 
pigs on feed. It an be measured in any individual pig in 
the herd even thoug h all are fed in a g roup. 
The re o mmended pra ti ce to improve effi ciency of 
ga in is to obtain indi vidual feed convers ion reco rd s on a 
few o ( the mosr outstanding herd boar prospects. The 
mosr e ffi cient ca n then be kept fo r breeding. W hen in-
div idual feeding ro brain effi iency of feed utili zation is 
not poss ib le or practica l, selecti on for fast growth rate 
will also resu lt in an im provement in rhe e ffi cicn y f 
gains. 
Carcass Quality 
The pork we ear is rhe end poin t of all sw ine pro-
du cti on. The guali ry of pork lerermines how mu h we 
like it and thus influences rhe demand. The demand in-
flu ences the price and , of ourse, the pri ce received in-
flu ences the profit to producers. Thus, we must produce 
the kind of pork the consumer wanes. 
Consumers want more lean and less fat in pork pro-
ducts. The bes t way ro produ e thi s kind of pork is by 
breed ing for the meat type hog. T he mea t type hog is not 
a slow-ga ining, skinny indi vidual that an·ies linle far. It 
is o ne that makes fas t and efficient ga ins, is well devel-
oped in the hig h priced curs such as the ham and loin 
and has a small amou nt of fat in proponi on to lean. 
Yet, it ha s enough fat to make the lean meat acceptable. 
In breedin g for arcass qual ity, we mu st find the 
mea t type individuals and must mare rhem together. The 
ideal procedure for finding meat type br eding animals 
would be to measure carcass qu ality in the live animal. 
Then , the bes t animals could be used for breeding. The 
bes t estimate of mea tiness in rh e li ve animal now avail -
Fig. 9- Performance test the most desirable boar pigs of weaning and 
select the best for breeding. Besides making rapid and efficien t gains 
from weaning to 175 pounds, thi s boar tested only .85 inches of 
back fat . 
:1ble is probabl y rhe backfa r probe. All pros] ective breed-
ing animals should be probed fo r bac kfat thi ckness at a 
wtight nea r 200 pounds. If this can' t be done, the back-
fa r thi ckness may be adju sted ro 200 pounds with the 
fa rors in Table 3. 
TABLE 3 
FACTORS FOR ADJUSTING BACKFAT THIC KNESS IN THE 
LIVE HOG TO A STANDARD 200 POUND LIVE WEIG HT. 
Weight Correction Weight Correct ion 
Pounds Factor Pounds Fac tor 
175 1.0697 201 .9973 
176 1.0670 202 .9946 
177 1.0643 203 .9918 
178 1.0616 204 .9892 
179 1.0589 205 .9866 
180 1.0562 206 ,9839 
181 1.0535 207 .9813 
182 1.0507 208 .9787 
183 1. 0480 209 .9761 
184 1. 0452 210 .9735 
185 1. 0426 211 .9709 
186 1.0396 212 ,9684 
187 1.0369 213 .9658 
188 1.0338 214 .9633 
189 1.0309 215 .9608 
190 1.0280 216 .9581 
191 1. 0251 217 .9554 
192 1. 0223 218 .9527 
193 1.0194 219 .9500 
194 1.0166 220 .9473 
195 1.0138 221 .9446 
196 1.0100 222 .9419 
197 1. 0082 223 .9392 
198 1.0054 224 .9365 
199 1.0027 225 .9338 
200 1.0000 
Note: To cor rect to a standard 200 pound weight, we igh the 
p ig and measure its backfat. Th en multiply the tota l 
of the backfat probe by the factor apposite his a c tual 
we ight. 
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Boars and gilts from large litters of fast growing 
pigs and of desirable "meat type" and with the least 
amount of backfat should be kept for breeding. Backfat 
thickness is 45 to 50 percent heritable and experiments 
in which selection h:as been for thinner backfat have been 
successful. Rate of gain was not reduced in these experi-
ments as backfat became thinner. 
Carcass quality is dependent upon a number of lac-
tors. Items most often measured ne body length, back-
fat thickness, area of loin eye, and the percentage of lean 
cuts. Standards adopted by the various breed associations 
are shown in Table 4. 
Carcass quality can be measured after slaughter in 
littermates of prospective breeding animals. Littermates 
have about 50 percent of their genes in common. If lit-
termates have good carcass quality, their full brothers 
and full sisters probably also have good carcasses. Al-
most all carcass traits are highly heritable (see Table 2). 
Therefore, selection for improved carcass quality should 
be successful. 
TABLE 4 
REQUIREMENTS FOR MEAT CERTIFICATION 
1. Litter must qualify for production registry. 
2. Two pigs from a litter must be slaughtered. These two pigs 
must meet the following requirements: 
(a) Weigh at least 200 pounds at 180 days of age. 
(b) Must weigh less than 220 pounds at slaughter. 
(c) Must meet the following carcass measurement 
requirements: 
Length ------minimum of 29 inches . 
Backfat -----maximum of 1.6 inches. 
Loin eye ----minimu_m of 4.00 square inches. 
Finding Superior Breeding Stock 
First, perhaps, we should ask what is superior breed-
ing stock? The answer to this is those which are best in 
the traits of economic importance mentioned in the preced-
ing section. This section discusses procedures used to 
find superior breeding stock. 
Variation. This is the raw material with which the 
breeder has to work. All of us are aware of the fact that 
animals vary in the way they look and the way they per-
form. Even full brothers and full sisters don't look or per-
furm alike. Some grow fast and some grow slow. Some 
are fat and some are thin. We have become so accustom-
ed to this variation that when we see two individuals 
that look :~like, such as identical twins, they are an oddity 
and attract our attention. 
Data from the Missouri Swine Testing Station il-
lustrates the extreme variation in rate of gain. Sixty-nine 
boars were fed the same ration at the same place by the 
same persons. Yet, the d~ily rate of gain varied from a 
low of 1. 70 in one boar to a high of 2.53 in another 
(Table 5) . There is little doubt which boar would be 
superior if other traits are equal in the two boars. 
When we stop to think how animals vary in the 
different traits,-we naturally are curious as to what causes 
this variation. For practical purposes, we can say that all 
variations in animals are due to differences in heredity or 
in environment. 
Hereditary variatiom are due to differences in genes 
and combinations of genes that the animals possess. 
They receive these genes from their parents; they will 
transmit a sample half of each pair of genes they possess 
to each of their offspring. If they don't possess superior 
genes they can't transmit them to their offspring. 
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TABLE 5 
DATA FROM THE MISSOURI SWINE TESTING STATION 
SHOWING HOW PIGS VARY IN AVERAGE DAILY GAINS 
EVEN THOUGH THEY ARE FED THE SAME. 
Average daily Number of pigs in 
gains this class 
1.61 to 1.70 
1.71 to 1.80 11 
1.81 to 1.90 11 
1.91to2.00 9 
2.01 to 2.10 14 
2.11 to 2.20 11 
2. 21 to 2.30 5 
2.31 to 2.40 2 
2.41 to 2.50 5 
Environmental variations are due to differences in the 
way individuals are fed or managed or to the diseases 
with which they might have come in contact. Environ-
ment affects individuals from the time of conception un-
til they are marketed. No two individuals have exactly 
the same environment even though we do our best to 
supply them with the same. Variations due to environ-
ment are not transmitted from parents to their offspring. 
Since heredity and environment both affect the same 
traits in animals we have the problem of deciding which 
one is responsible for an animal being superior. What is 
desired, of course, is animals that are superior because of 
their inheritance. 
Fig. 10- Type differences among two strains of breeding gilts within 
the same breed fed under similar conditions. Inbreeding and selec-
tion made this difference. 
Ways to Remove Some Environmental Variations 
We have no sure- fire way of telling how much of 
the variation in animals is due to heredity or to environ-
ment. We can do some things and use som e informa-
tion that make our es timates more accurate. W e can 
compare individuals under as nearly the same conditions 
as possible. They can be fed for the arne period of time, 
the beginning and ending weights an be nearl y the 
same, they can be fed at the same time at the same pia e 
and the same feed by the same man. Some adjustments 
can also be made for differences in their age, the age of 
their dam, and sometimes differences clue to sex. 
This will rend to decrease the proportion of the 
total variation clue to envi ronment and increase the pro-
portion due to heredity. We can not entirely eliminate the 
environmental variations, however, even thoug h we pay 
attention to all of the factors mentioned. 
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Fig. 12- The area of the loin eye 
varies among fat hogs a s does the 
amount of lean in the bacon. Loin 
eye area i s one of the measure-
ments used in the requirements for 
meat hog certification. 
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Fig. 11 - The percent of lean in the 
carcass often varies widely even 
w ithi n the same breed. Which ham 
would you rather have for your 
table? 
Fig. 13- Extreme variation between twa littermates. The difference 
may be due to both hereditary and environmental factors. 
Heritability es timates tell us so mething about the 
proportion of the total va ri ation in animals that is due ro 
hered ity and environment. T hese: es timates are made after 
as many o f th e ca uses of enviro nm ental va ri at ions as 
poss ib le have been removed. In Tabl e 2 th e average 
heritabi li ty es rimare fo r rate of ga in is 30 perce nt. This 
means that about 30 percent of the va ri at ion in a herd 
is due to heredity and 70 percent is clue to environment. 
Her itability es timates vary for different traits and 
from one experiment to another for the same rra ir. The: 
ave rage of several experiments, however, tell s us so me-
thing abo ut rh e amount of progress we ca n ex1 ec t to 
make in se lection. If the trait is hig hly heritable, mating 
the bes t to th e best will resu lt in improvement in rhat 
trait in the offspring. If the trait is lowly heritable, little 
progress is usuall y made by mating the bes t to the besr. 
In fact , more improvement is likely to be made in that 
trait by crossbreed ing or by mating the less close ly re-
la red parents. 
Methods of Detecting Superior Animals. The first 
seep in finding superior breeding stock is to work our a 
sys tem of identifying ea h individual pig. Such a system 
is given in Figure 14 . The nex t step is to decide on the 
system of record keeping you will fo llow. A practical sys-
Right Left 
Litter number in right ear and top of 
left ear; individual pig number in the 
left ear. 
Fig. 14- Ear notching system for the identiflcation of litters and in-
dividual pigs within the litter. 
rem and form is shown in Figure 15. This also shows 
what records to keep. All prospec ti ve breeding an imals 
should be compared under standard cond itions. Fi nall y, 
those which are the best should be kepr for breeding pm· 
poses. The number kept depends upon the number of 
rep lacements needed. The larger the proportion of the 
tota l pig crop you keep for breeding, the smaller the 
amount of average superiority they will hold over rhe 
herd they are fro m. Since fewer boars are needed, they 
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Fig. 15 
SAMPLE RECORD KEEPING FORM 
Litter Record 
Sow Number ________________ Date farrowed _________ Sire _______ _ 
No. farrowed ________________ No. born alive _________ No. weaned ___ _ 
No. marketed _______________ _ 
Litter Number _______________ _ 
Pig 
No. 
14 
Sex 
Birth 
Wt. 
Weaning 
Wt. 
Age at 200 
lbs. 
B. F. probe 
200 lbs. Comments 
can be more superior on the average than the rep lace-
ment gilrs. 
Since very few breeders keep their own boars for 
breeding, most of your own records wi ll be used for gi lt se-
lecr ion. However, rhe same kind of record s shou ld be 
used in se lecting a herd boar from someone else's herd. 
T he boar's sale va lue should be in accordance wirh per-
t(mna nee records. 
Record s on rhe individual and irs fu ll brothers and 
sisters may be used in select ing young anima ls for breed-
ing. An ou tsta nding individua l from an outstand ing lir-
rer is a much bc:rrer prospect than an outs tanding individ-
ual from :1 mediocre lirrer . T IK indiv idu al fm m the our· 
standing lirrer is probably supnior bee;wsl· he has super-
ior genes. He shoul d have rhe ab il ity to transmi t these 
to hi s o f"l.~p r i n g. 
T hi s isn't li kely ro be rr ue of the oursr;1nding in-
d ividu al from ' I med i ere li tter. Be wa ry of hi m. The 
chances ;1re that he is super ior beca use of a lucky combi-
nation of genes. He can't tra nsmit thi s lucky combinat ion 
of genes ( 0 hi s nnspring so rh ey are li ke ly (0 be less de-
sirable than he. 
Records o n the progeny of an individual are helpful 
in determining rhe kin d of in heri ta nee an in li vic! ual 
ca rries. Bur because the indiv idual has to be of consider-
ab le age by the ri me he o r she is progeny-res ted, such 
in fo rmation is of li ttle value in se lect ing yo ung animals. 
T he excepti on ro thi s is that we should rry to se lecr our-
sta nding indi viduals fr m outsta nding li t ters and from 
outstandi ng pa rents. Furthermore, once ani ma ls are fo und 
whi ch produce superi or o fTs1 ring they shoull be used 
fo r thi s purpose as lo ng as they are able. 
Mating Systems 
for 
Swine Improvement 
We pointed out in an earli er sectio n that va ri ati on 
is the raw material w irh w hi h an animal breeder has to 
work. He ca n't crea te new ge nes. H e just tries to find 
those animals that possess rhe des irable genes and then 
mares them ro produce th e next ge nerati on. Sin e the 
superi ority of an indi vidu al is no t always dependent up-
o n the kind o f genes it possesses but also o n how the 
ge nes are co mbined ( hybrid vigor) th ere is more to 
swine breeding than finding those individuals which are 
bes t and mating them together. 
D ifferent forms of inbreeding and crossbreeding are 
the tools the breeders have ar their disposal to mold their 
Fig . 16-The backfat probe is an e xcellent me thod of sele ction fo r 
more meat and len fat in our breeding herds. 
Fig. 17-Methods of estimating loin eye area in the li ve hog with the 
sonoray machine are being developed. Here is a sonoray in action. 
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raw material. How to use these and what to expect from 
them are the subject of this section. 
Inbreeding 
This kind of mating system results from mating 
individuals more closely related than the average of the. 
population from which they come. The closer the parents 
are related, the more highly inbred are their offspring. 
The greater the amount of inbreeding, the more striking 
are the inbreeding effects. 
Inbreeding brings out recessive or detrimental genes 
if they are carried by the original non-inbred stock. In-
breeding also generally causes a decline in vigor or in 
those traits closely related to physical fitness . This is 
shown in Table 6. · 
The main reason for producing inbred lines is to 
increase their breeding purity and to use them in crosses. 
If they are made pure, genetically, and individuals are 
found that combine well (or nick) in crosses, they can 
be used again and again with similar results when the 
same lines are again crossed. As in hybrid corn, inbred 
lines are usually low in performance and should not be 
used as pure lines for commercial production. They must 
be used in crosses. Even when crossbreeding, it may not 
be profitable to use inbred sows. Their performance may 
be low in producing and raising the crossbred pigs. More 
satisfactory results are obtained when inbred boars are 
mated to crossbred sows. These principles are illustrated 
by data in Table 7. 
The use of inbred boars may give unsatisfactory re-
sults. The main reason for this is that some inbred boars 
may lack sex drive and a larger proportion of them may 
be infertile than is true of non-inbred boars. This dif-
ficulty varies among different inbred lines. 
The combination of three or more inbred lines by 
using inbred boars on linecross females often gives ex-
cellent results. The data in Table 8 illustrate this point. 
The big question, however, is whether or· not the added 
TABLE 6 
CHANGE IN PERFORMANCE FOR EACH 10 PERCENT INCREASE IN INBREEDING IN SWINE 
Inherited Characteristic Litter* 
Litter size at birth -.20 
Litter size at 21 days -.35 
Litter size at 56 days -.38 
Litter size at 154 days -.44 
Pig wt. at birth (lbs.) .02 
Pig wt. at 21 days (lbs.) .08 
Pig wt. at 56 days (lbs.) .• 03 
Pig wt. at 154 days {lbs.) -3.44 
* Litter effects calculated when inbreeding of dam was adjusted to zero. 
** Dam effects calculated when inbreeding of litters was adjusted to zero. 
TABLE 7 
% Chatlge for each 10% increase 
in inbreeding in: 
Dams** Litter+dam 
-.17 -.38 
-.31 
-.65 
-.25 
-.63 
-.28 -.72 
-.06 -.03 
-.11 
-.03 
-.06 .08 
-.13 -3.57 
A COMPARISON OF THE PERFORMANCES OF INBRED AND CROSSBRED SOWS WITH PIGS OF THE SAME BREEDING* 
. Breeding of boars Landrace x Poland Duroc 
Breeding of sows Duroc Landrace x Poland 
Breeding of pigs L.xP.xD. L.xP.xD. 
Size of I itters at farrowing 6.93 9.94 
Size of litters at weaning 5.66 8.39 
Litter weight at 56 days 206.00 326.00 
Avg. Wt. per pig at 56 days 35.45 38.87 
Avg. Wt. per pig at 154 days 188.07 191.64 
*The Landrace x Poland sows were mated to inbred Duroc boars and the inbred Duroc sows (inbred 27.60 percent) were mated to 
Landrace x Poland boars. Thus, all pigs were one-half Duroc, one-fourth Poland and one-fourth Landrace. The breeding of 
the pigs was the same but the sow performance made the difference. 
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TABLE 8 
DATA SHOWING THAT THE WAY GENES ARE COMBINED HAS AN IMPORTANT INFLUENCE ON PERFORMANCE 
Calculated Actual 
Average* Average* 
Number of I itters 188 60 
Litter size at birth 7.87 9.94 
Litter size at 56 days 5.31 8.39 
Litter size at 154 days 4.79 8.06 
Litter weight at birth 25.15 32.33 
Litter weight at 56 days 183.47 326.12 
Litter weight at 154 days 773.76 1544.58 
Weight per pig at birth 3.20 3.25 
Weight per pig at 56 days 37.05 38.87 
Weight per pig at 154 days 161.87 191.64 
*All pigs were one-half Duroc, one-fourth Poland and one-fourth Landrace. The actual average was for crossbred pigs sired by a 
Duroc boar out of crossbred Landrace x Poland sows. The calculated average was derived by using the performance of inbred 
lines but giving one-half of the weight from the Duroc and one-fourth weight from the two other breeds. All litters were adjusted 
to a gi It I itter basis. 
performance from crossing inbred lines from different 
breeds over that obtained from crossing pure breeds that 
are not highly inbred is enough to pay for forming the 
inbred lines. More research is needed to answer this im-
portant question. Perhaps for the present we should con-
centrate on improving the breeds we now have and use 
the best purebred individuals for crossing for commercial 
hog production. 
Crossbreeding 
This mating system refers to the mating of parents 
from two or more different breeds. It is the mating sys-
tem most often used by the commercial swine producer. 
Crossbreeding effects are opposite to those of inbreeding. 
They improve most the traits which are related to physi-
cal fitness . Table 9 shows the percentage improvement of 
crossbreds over the average of purebreds that make up 
the crosses for certain traits. The economic trait improved 
the most by crossbreeding is total litter weight at wean-
ing. The improvement is due to more pigs farrowed, 
especially by crossbred sows, and by the higher survival 
rate of crossbred pigs. Growth rate is improved some by 
crossbreeding but feed efficiency is improved very little. 
The same is true of most of the carcass traits. Actually, 
it may be that crossbred pigs have a little more backfat 
than the average of the two purebreds making up the 
cross. 
TABLE 9 
AVERAGE PERFORMANCE OF CROSSBRED SOWS AND PIGS COMPARED TO PUREBREDS OF THE BREEDS 
USED IN THE CROSSES 
Traits 2-Breed Cross 3-Breed Cross 3-Breed Cross 
as% as% of as% 
of Purebreds 2-Breed Cross of Purebreds 
Added vigor due to crossbreeding in: Pigs Sows Sows and Pi!;!s 
Litter size at birth 99 108 107 
Litter size at 56 days 119 123 142 
Weight per pig at 56 days 107 100 107 
Weight per litter at 56 days 128 123 151 
Post-weaning rate of gain 107 100 107 
Post-weaning efficiency of gains 99 101 100 
*Breeds were purebred but not inbred . 
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Fig. 18-0ne of the main disadvantages of crossbreeding is variation 
in coat color. Yet much of this ca n be contro lled by a knowledge of 
gene tics a nd by making proper breed crones. 
Seve ral systems of crossb reedi ng may be used for 
commercial swine product ion. 
A . Two-Breed Cross. This is a sys tem used guite 
often by swine producers. Pureb red fema les of one breed 
are mated to a boar of another breed. W hen rep lacemenr 
fema les are needed , purebre Is are either produced by the 
sows in the he rd o r they are purc hased from anorher 
breeder . 
P rod u t io n of rep lacemenr animals from rhe mosr 
pro du ri ve sows in rhe prod u er's herd may have ad-
van tages because the perfo rma!lce of these sows is known 
and the breede r ca n do a better job f se lec ting replace-
men t srock. T here may be still anorher advantage in this 
system over purchasi ng of replaceme nt g il ts in rhar there 
is I ss danger of introd ucing so me new d isease on rhe 
fa rm or rhe pigs may have a guired a cerrai n amoun t of 
resistance ro di seases already prevalent o n t hat fa rm. 
The two- breed cross does nor rake ad va ntage of the 
superi or ity of crossbred sows over that o f pu rebreds. The 
o n ly adva ntage gained is thar fro m hybrid vigor in the 
pigs as shown in Table 9. 
B. T he Backcrosses. This mating sys tem is actually 
a fo ll ow up o n rhe rwo-breed cross . Selec ted g il ts from 
the rwo-breed cross may be kep r as sows and rhen mated 
ro a n unre lated boar of one of t he rwo origi na l breeds. 
In t he n ex t generati on , selec ted crossbred g il ts may be 
m ated ro an unrelated boar of rhe other breed. This sys-
tem may be continued for several generations. 
The backo-oss system of mating utili zes hybrid v igor 
fro m rhe crossbred sows bur so me vigor may be los t in 
the back ross pigs since rhey are more than 50 percent o f 
o ne breed. The fac r that o ne needs to work o nl y with 
rwo breeds may be of some advantage if exce.lle nr boars 
from rhe rwo breeds are ava il able. 
C. T hree-Breed Cross. This breeding sys te m in-
vo lves t he mating o f selec ted crossbred g ilts fro m the 
tw -breed cross to boars of a th ird breed. Thi s probably 
makes o ptimum use of hybrid vigor in both sows and 
pigs as s hown in Tabl e 9. Gi les fro m rhe rhree-breed 
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Fig. 19-Cronbred sows make excellent mothers and wean large lit-
ters of thrifty pigs. 
cross may be ma ted ro boars of one of rhe breeds used in 
rhe iniri:~ l two-breed cross in later gener:ltions boars from 
the th ree dirTe rent breeds may be used in rotat ion on the 
crossbred gilrs . In some instances, a boar from a fourth 
breed may be used, but iris doubtfu l if any improvement 
in hybrid vigor is rea li zed beyond the th ree-breed ross. 
Any improvements made would have m be rhe resul t of 
using more super ior boars. 
Some people are afra id that the use of a th ree-breed 
sire rota tion cross sys rern for seve ral gene rat ions may re-
sult in a " ru n ni ng Oul" in performance. T hi s is not true 
if a special arrempt is made ro use the most super ior sows 
and boa rs poss ib le in such a crossb reed ing p rogram. 
Breeds to Use in Crosses. 
T hi s is a g ucstio n asked many t imes by pork pro-
du cers. T he importa n t point is ro use rhe besr individ-
uals ava ilable within rhe breeds ro be crossed. T he breeds 
used w ill depend a g rea t dea l upon rhe qualiry of pure-
bred boars ava il able. Sin e the w ider apa rt th e breeds are 
in relati o nship the g rea ter rhe hybrid v igor, it may be 
we II to use a boar from o ne of rhe European breeds be-
tween two o f o ur own Ameri ca n breeds . An alternative 
is to use some of the new Ameri ca n breeds based largely 
o n Landrace fo undati o n crosses betwee n rwo standard 
A meri ca n breeds. Perfo rm ance rested boars fro m Mear 
e rrifi ed litters sho u ld be preferred if rh ey can be pur-
chased. 
Breeding Plans for 
Swine Producers 
T he breeding plans to be discussed w.i l1 fa l1 into two 
defi ni te classes. One for the breeder of purebreds and one 
fo r th e co mm erc ia l producer sup pl ying hogs for the 
market. 
PLAN FOR PUREBRED SWINE PRODUCTION. 
The breeder of purebreds is actually the seed stock 
producer for all swine production. It is his job to pro-
duce pure breeding stock which will be as superior as 
possible for all traits. The pure breeds must be especially 
superior in those traits which do not show imprO\~ement 
from hybrid vigor. Two of these traits are efficiency of 
gains and carcass quality. Weaning weight and daily gains 
from weaning to market weight are affected some by 
GENERAL CONSIDERATIONS 
1. Identify each litter and individual within 
each litter by an ear-marking system or by 
some other practical means. 
2. Keep accurate records on the performance 
of all individuals within the herd whether 
this is for the growing-fattening period or 
for the litter production by the sows. 
3. Cull sows that wean two successive litters 
considerably lighter than the average of all 
sows in the herd. 
SELECTION OF GILTS 
1. Cull gilts from small litters and from litters 
which show considerable variation in meat 
type qualities or in age at 200 pounds or 
where some pigs in the litter have definite 
defects such as hernia or cryptorchidism. 
2. Cull gilts from the larger and more uniform 
litters which have less desirable meat type 
and fewer than 12 well developed and well 
spaced teats. If carcass data are available for 
litter-mates, use this information in discard-
ing litters which have less desirable type. 
3. Calculate an index on the remaining gilts 
and keep those with the highest index. 
Table 10 gives a suggested index and ex-
plains its use. 
SELECTION OF BOARS 
1. Give preference to boars from Certified Meat 
Type litters and those which have met Pro-
duction Registry requirements. Boars from 
testing stations which rank in the upper 5 
to 10 percent of all boars on the basis of an 
index also would be preferred. 
hybrid vigor but these traits, too, should be selected for 
in the pure breeds. 
Essentially, the task of the purebred breeder is to 
find those animals which are superior in the important 
economic traits. The use of information from swine test-
ing stations, Production Registry and the Certified Meat 
Hog program is helpful in locating strains within each 
breed which are superior. Even so, accurate records must 
also be kept on each individual and each litter within the 
herd to locate the superior animals. 
TABLE 10 
EXAMPLE OF INDEX FOR SELECTING BOARS AND GILTS 
Index = 500 + JOG - 100F - E 
Where, 
(G) is the average daily gain in pounds. 
(F) 
(E) 
is backfat thickness in inches. 
is feed required to produce 100 pounds of gain. 
The index for a boar that gained 1. 70 pounds per day on 320 
pounds of feed per 100 pounds of gain and that had 1.40 inches 
of backfat at 200 pounds would be: 
Index = 500 + 30( 1. 70) - 100( 1.40) - 320 or 91. 
2. Select boars that are themselves superior in 
meat type and which have strong feet and 
legs. 
3. If an index is not used, a boar should be 
from a litter of at least eight pigs weaned, 
should weigh at least 200 pounds at five 
months of age and should probe 1.2 inches 
or less in backfat at 200 pounds. He should 
have made 100 pounds of gain from wean-
ing to 200 pounds on 300 pounds or less of 
feed. 
4. A special attempt should be made to select 
a boar which is especially strong in the 
points in which the sows are weakest. 
5. And, finally, when a truly outstanding boar 
is found, based on the appearance and per-
formance of his offspring, this boar should 
be used for improvement in some herd and 
not sold for slaughter. 
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Fig. 20-litters vary widely in uniformity and desirability. Select 
breeding stock from outstanding individuals within large, uniform lit-
ters such as tho•e in the picture at left. Avoid selecting breeding stock 
from litters that lack uniformity such as tho se at right. 
PLAN FOR COMMERCIAL SWINE PRODUCTION 
20 
Since com merc ial pork production rcguires the 
max imum in c fTi ci<.: ncy o f produ ction , some sys-
rem::tric sysre m of crossbreeding is recom mend ed . 
But even here ir is imporr:mr to usc superior bretd-
ing stoc k. Most breeders will reta in fem::tlcs from 
their own hL: rd for breeding purposes. They have 
rhe records of them and their close relari ves. Su h 
home grow n females also arc more li kely ro be 
adap ted ro a farm's ondiri ons . lwofar as poJJible, 
keep lhe same recordr and select in the way recommend-
ed for purebred breeders. Seiter rep lacement g i Irs and 
boars in the same way recommended for purebreds 
(see preceding sect ion). 
Sta rt crossbreeding programs with fema les rhar 
arc prolific and good mothers, and that have des ir-
able co nfo rm ati on and meat in ess . Th ese females 
should be mated to a purebred boar from another 
breed, prefe rab ly one with a good record of per-
f(>rma nce and arcass guali ry. 
W hen a new generat ion of sows is to be re-
tained, save rhe best crossbred g ilts as outlined for 
purebreds. Mate th ese ro a sclecc boar from a third 
breed. 
Use boars from at least three breeds in rota-
tion on selected , superior, crossbred sows. This will 
rake adva ntage: of hyb ri d v igor in both sows an I 
pigs. After th e three-b reed cross is made, how-
ever, you try merely to maintain the advanrage ob-
tained fro m h yb rid vigo r. A ny improve mt nrs in 
performance and in arcass qua licy in later ge nera-
tions are mosc likely co co me from che use of 
superi or breeding anim als and nor from additional 
hybrid vigo r. 
